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(54) STRUCTURE OF UQUiD CRYSTAL DISPLAY AND METHOD FOR FORMING THE SAME 
(57)Abstract; « , « » 

PROBLEM TO BE SOLVED; To provide a structure of a iiquid crystal 
dtspbydCD) and to provide a method for forming (t 
SOLUTION: A biack matrix layer and a color filter layer t30 of an LCD 
are transfen'ed from a color filter substrate to a TFT substrate to form a 
color filter on a TFT (COT) structure. And an aperture ratio can be 
maximized by disposing a spacer constituted of photoresist or coior 
photoresist on each part of the area covered fay the black matrix fayer 
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1 Tstii; nJ fstestici 

LIQUID CRYSTAL OFSPLAV STRUCTURES AND METHODS OF 
F0R.V11KG THE SAME 

t Cia;!5S 
! . A iitjuid crystal disftiay. comprising; 

a black matrix iayer on a first subssraie having a tuntroJ circuii thereon, and a 
piursUty of openings in the black maErix layer (o exjwsc ihe fast subsiraie; 

a color rlUcr iayer oti (he black raatiix tav^r, whsch is composed of a piuratiiy 
color filter sheets nsspectjvciy aiigmcg with each opening; 

a pixel ftSecttode l«y€f on the color fs!t«r sheets, which is coRjposed of a plurality 
ttf pisei electrodes respecuveiy iiiigniiig wahcach color iiiier sheei; 

a pltttaisly of frfjotoresisi spacere on tiie pixel eSectaxfe layer, which are located 
on portions of areas coversd by the Wack matrix layer; 

a liquid crystal layer on tiie pixel electrode layer, which M space among the 
photoresist spacers; 

a conamoa etectrcxie on the Ut^uid cryestaJ iayer and the photoresist spacers; 

3 second sabsintie on the common electrode 

2- The liquid crystal display cf Claim I, wherein a coior of the color fsiter sheets 
is red, green or blue 

3 The liquid ctysial display of Claim j. whercm s materiai of ihe pixel 
electrodes comprises indium tin oxide. 

4. The liquid crystal display »f Claim 1 , wiictctji a material of the common 
etctirode comprises indtiuti tin oxide. 
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5. The liquid crysiai aisplay of CMm i, ^vherein a hardaess of tfie pfjcEijresis! 
spacers is aijout 2H to about 4H. 

(5. The Hqm crystal display of Claiin 3, wherciu a iic;g!vt sjf tfie pliotciesist 
spacers is about I to about XQ jisis. 

7, The fiqusd crystal display of Claim 1, whsrein s mstefial of the photoresist 
spmet ««jiprises acrylic resin. 

8, Hie iiquid ayazi dispiay of Claim !, wherein a maieria! ot the photoresist 
spacer comprises apoxy-resin. 

9, A Kicthod of feiiiig a licjuid crysta!, the method comprises: 

forming a black matrix iayet o« a first substrate having a control circuit ftereonv 
fomting a pitixality of opeaings in the i>fack matrix ieyer to expose the tlrst 
substrate; 

fennltig a color dltss: layer m black snauix layer; 

{bnrang a piuraiity of pixel electrodes on the cobr filter to respectively align 
with each of the openiags; 

forming a pliimlity ot photoresist spacers on the first substrate to be located on 
poniotjs of areas covered by the black taatrix; 

paraJlei assctnblittg the first substrate aatJ a im>M substrate havirtg a cejitrfion 
electrode ihcrHm, wherein tlic pliotorcsisi spacers smkI the common c!ccir(xic are 
foetweea the Srst sttijstrate aoc she stcond substrate; and 
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forming a liquid crystai isyer bsrwsen she iirsl substrate iicd the second 
substrate. 

!0. The msthod of Oj«ft> 9, wherein a method of forming the phoforesist spac«s 
cacnprises; 

forming a photoresist Uyer covering the jjixei siectrodes; and 
patterning ihe photoresist Uyer to foita the photoresist spacers. 

11. The method of Claim 10, wijereiR the patterning tneifa^id comprises 
exposiffe-developtng, 

12. The method of Claim tO, wfaereia the pattemmg method comprises 
exposure-etchiRg. 

13. The method of Claim 9, wherein a hartkess of a asaterial jised to form die 
photoresist spacers is about *H to about 4H. 

14. Tlie method of Claim 9, wherein a height of tiie photoresist spacers is about 
1 to about \ D iita. 

The: 8>ethod of Cisim 9, wherein ii ic^iatertai used to forrn die pho»)r«$isc 
Spacers comprises acrylic resin. 



IS 



16 The method of CSaim 9, wherein a material used to fomt the phojoresbt 
spacm comprises epoxy-resia 

; 7. A method of fonnmg a liquid cty^ml display, the method cosnprising: 
farming a biack tn;sJrix iayer o« a firsi substrate having a controt circuit shereon. 
formiag a piuraiity of openings in d)e black matrix iayer tt) expose ttie fsrsi 
atibstrate; 

forming a color filter layer or; the black matrix layer; 

forming a pitaality of pixel electnjtJes on the color filter layer to respectively 
align with each of tfee openings; 

fonning a piiaaJity of phoJoresist spacers on a 3e<»nd substrate having s 
CDfiWJioo electrode thereojs; 

f>aral!ei assembling the first suijsJraie 3rd the second substrate, wberein the 
photoresist spacm and the pixe! alectroeJes are betweta: the first substrsie a«d the 
second stibst«t(e; and 

forming a liquid crystal layer betweeti the first substrate and the second 
substrate. 

18. The meihod of Clainj 17, wherein a meihod of forming the photoresist 
spacers couipiises: 

formitig a photoresist iayer covertng the cotnmofi «lectrod«; and 
pattemijngthe photoresist layer to form the photoresist sjiaoers. 
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19. The methcKi of Claim iH, wherein the pattemisg m«tbod eotjjprises 
exposure-developing, 

■JO, The method of Chim i8. wherein tie pattjfming metfexl coaiprissfs 
exposure -etching. 

21. Hie method of Claim 17, wherein a hardness of a mateiiai used to fonn the 
ptiotoresist spacers is about 2H to about 4H. 

22. The method of Claim 17, wheiein a iisighi of the photoresist spacers is about 
! to about lOfUH. 

23. The methixi of Claim !7> wtereir, <t maierial usesi to fonn the photorwsist 
spacers comprises acrylic resin. 

24. Ths tfieiSiod of Ciaim i7, wherein a material ased to form the photoresist 
spacers composes epoxy-resin. 

25. A ilqaid ctystaJ display, comprising; 

3 first substrate hevitig a co«troi cixcvdi thereo&; 

a black matri.x layer m the firs! SB&straie, snrf a pluraJtty of openings iocared 

(herein; 

a color filter layer on ibc black matrix layer, wijith is composed of a plurailiy of 
coior flher sheets respeetiveiy aiigning with each opening; 
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a piuraJsiy of pbotorcsist spacers on the eoier Siter, which are iocatsd on 
portions of aress covered by the biacii tnatrix; 

a ptoality of pixsi electrodes respectivefy on each of sfie coior tlitef sheets, of 
which a heigh! is !o».^-!t th,^^! ;s htiighi of ;he pbororesist spacers: 

a liquid crystal layer on she wxcl elccirodcs, which fllf space among the 
photoresist spacers; 

8 commoaetectrode on the fiquid crysiai iayer and the photoresist sjssicerj;; and 
a second substtate pn the cotnnjott eiectnxle, 

26. The iiquid crysiai aiiplay of Claim 25. wherem a color of the color filter 
shesSi is red, green or blue. 

27. The H<j«id crystal display of Claim 25, wherein a fflaierial of tJse psxei 
eiecarodes comprises Lndium tin oxide, 

28. The iiquld crysjsl display cf Claim 2.5. wherein a raateriat of die cotnmofi 
decttode comprises indium iia oxide. 

29. The metfiod of C'aijTi 35, wherein a handness of a tnatetiaJ used to fomi the 
piiotoresist spacers is about 2H to about 4H. 

30. The Uqjifd crystal display of Claita 25, wherein a height of the pKotoresisi 
spacers is about 1 to about i 0 i^m. 
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.1 i. l"he ijqaW crystal dispiey ofCiaim 2S, whercm a fiiaterssf of th« pfcKoresis; 
spacers comprises acrylic resin. 

32. The liquid crystaJ display oCOmm 25, wherein a mmteml of tije photoresist 
spacers conjpriscs cpoxy-resin, 

33. The liquid crystal dtspiay of Claim 25, wherein the phoioresist spacsrs 
comprise color photoresist spaceifs- 

3i, The iiqmd crys-a! display of CSaini 25 whereifi the ptiotoresist spacm are 
composed of a ptealit>' of stacked color fthotorcsisx. 

3S. A tnethod of fenning a liquid crystal display, comprisiog: 
forming a black matrix layer on a fSrst substrate having a coniroi circuit ihereois; 
fonaing a p^uraiity of openings in jJse blacic matrix iayer to expose (hs first 
substrate; 

forming a color filSer layer m (he biack matrix layer; 
forming a piwaiity of photOKssist spacers »n portiorts of areas covered fcy 
biack mairix layer; 

forttimg a piuraiity of piset electrodes on the color iilter layer to respectively 
align with aach of the openings; 

paraild assembliag the first substrate and a second substrate having a common 
electrode sbenson, whcreia the photoresist spacers and the commott citxtrsjde jsre 
betweem die first substrate and she second substrate; atid 
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fonuittg a iiquid crystal layer between the firs! sabstrate and the second 
substrate, 

56. The avetbod of Ciaim 35, whcretTt a methcKi of Sonnlag the photoresist 
spacers comprises: 

fcmsing a photoresist Jayer covering the cobr filter Isyer, and 
pattemiog die phototssia layer to form the photoresist sfmc(%. 

37. Hic methoci of Ciami 36, wherein ihe psttemtKg i««thcfG comprises 
cxpostfltf-dcvclopiag. 

38. The method of Cktm 36, wherein the pattemtag method comprises 
exposure-elchiag. 

39. The method of Ciaim 35, whercia a hards«ss of a m^etiai used lo form the 
g*!otocc5bt spac«s is about 2H tc about 4H. 

40. Hie method of CJaiiJi 35, wbereia a rteight oJ ihe photoresist spacers is about 
i Soaboiit 10>tm. 

4!. The method otXisim 35, whereia a tnethod of forming Jhe pixel eleciKXtes 

forming a tr^pa^cnt cotsduaive kycr on the color flker layer md the 
photoresist spacers; and 
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f^moviRg portions of the iraosperetst coaductive layer on the photoresist spacers. 

42. "Hie method of Ciaim whetetn Jhe retnovai method comprises 
pbotofithography-«tchaig, 

43. A method of forming a liquid c.r>"5taj displity, comprising: 

formiag s black cimtnx tayer on a first substrate feavmg a control t ircuii tUetwos; 
forming a piuraiity of f»isi, sewnd and third openings io the black matris layer 
to expose the first substrate; 

tbrming a first color photoresist oh ihe Vmt substjate; 

fKitten-ung the firsc color photoresist to form a piuraiity of first titter sheets 
respectively s^igning witli each of she first openings auisJ a ,:^araljty of first spacers 
focated oa portions of areas covered by the bfeck matrix, 

forming a second color photoresist oa the first std>strate ; 

pattermag the seconii color photonfsist to form a plurality of second filter sheets 
respectively aiigmng with each of tfce second openings iaid a plurality of second spacers 
respeciivdy stacking o« the first spacers; 

fonniag a riai4 color photor«sist on first substrate; 

patterning the thivi co!or photoresist to form a piuraiity of third fiher sheets 
rcspectiveiy aiignitig wth each of ihs fhird opetiings and a piuraiity of ihirtj spacer* 
respectively stacking on the secotid spnctK: 

tonning a plurality of pixel eiectrodes respectively on the first, second anti th.rd 
Siier sheets; 
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parailei ssserabling the &st substraw amd a second substrate having a common 
K}ee!rode fhsrson, wheresn the piiotoresist spaccfs and !he common e)ectr«Mle are 
between the first substtate and the second suS>st!-3te: and 

fonning a liquid ciystai layer between tiic first sutottate mi the second 

44. Thft method of Ciaim 43, whwetn a me*t>cJ of forming the pixe! siectrodes 
comprising; 

forming & irajsspsffent conduaivc Jayer oo the first, second amd third filter sheets 
ai Ki the third spacers; and 

removing portions cf the transpax«jt conductive layer o» the shird spacers 

45. Jhft method of Ciaim 44, whetsia the removal meiitod camprises 
photo! ithograpiiy ^hing. 

46. A l!<|iiid ct>'stai d.spiay, comprising: 

a fjist aubattate having a ccattroi circuit thereon; 

a color filter layesrs on the first substrate, which are composet! of a piurality of 
coior fili«r sheets; 

a plurality of pixel ekctrtsles respectively Signing with each of the color filter 

shcei."}; 

3 black matrix iayci m the cScctrodes, which arc iocsu-d around she pixel 
siectrodcs', 

a plurality of photoresist spacers or portiofts of the black matrix layer; 



a iiquid crystaJ iaycr on the pise! deetrodes and -he biaek tmtrss layer, wKici; 
tili space among the iphotofesjst spacers; 

a coEmtsoti eiectrode m the liquid crysui; layer mi ihc photoresist spacers; and 
a second sufeaalc on the coninawfi eicttodc. 

47, The liqaid crystal display of Ciaim 46, wherein a coUsr of the ooior ftket 
sheets is ted, green or blue. 

48, Ths liquid crystal display ftf Claim 46, wh«rcja a matstiai of the pixel 
elsctrodes comprises iadium tin oxide. 

4S, Ths liquid crysiai display of Claim 46, whereiit a tnateriai of ihe common 
dectrode comprises tadtuia tin oxide. 

50. The liquid cjystal display of Claim 46, wherein a haidness of the j^otofesist 
spacers is about 2H to about 4H. 

51. "Ojc li(jui<i crysta! display of Claim 46, wherein a hsighf of the photoiesisl 
spacers is about { to about 10 pm. 

52. 1'he liquid crystal cispiay of Cl^tn 46, vvheresti a K^ateriaJ of the phi>;(>r«;isl 
spacer coropfsses acrylic resin. 
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S3 - The liqtiiel crysEsi <iisplay of Ciatm 4*. whemn a snateriaJ of the pknoresist 
spacer somprsses epoxy-resm. 

54, "nje iiquKi cr>'Stai dispiay of Cisim 4^. vs^rein a height of tlu: bfsck maai« 
is about 0. S to 6 }im. 

3S. A method of fontrung a ilquxd crystiii display, cosTaprtsiug- 

!i>onin§ 3 coiof Siter layer on a first substrate having a cotttiof ciremt tbereon, 
which is composed of a pinrslity of color filter sheets; 

foTTning a j>!iaaiity of pixel electrodes on, the cofor fitier shems, which 
tespextiveiy align wth each of the coior Sker sheets; 

forming s frJack matrix layer on the pixei decttodes, which are located around 
iJie pixei electrodes; 

faaniag a piurality i>f photomist spacers on a second suljstrate having a 
catnmoa eiecjtode tiiereon; 

parallel assemblmg the fsrsi substrate and the secontJ substrate, whersiti the 
piiotoresist spacers and tlie biack iisawx arc between the tlist substrate and the second 
stibstrate and are aUgaed with each odter; and 

fooning a {s«jdd ciysttil layer between the tirst substrate and ^ second 
substrate. 

56. The method of Claim 55, wherein itictfat)d of fonning ttic photoresist spacers 
croinprises: 

forttang a photoresist layer covering the comimn dectrode; aad 
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pstteming the photoresist iayer to thrm {h« photoresist spacers, 

5". the methotd of Ckum 56, wherein die Mttcmiag mecljod corttpnscs 
exposwe-deveiopiiijj. 

5S. The raesirod of Claim S6, wherein the pattemifig method wmprises 
expostire-etchiag. 

59, Thfi naeiod of Clasm 55, wherein a hardness of a material used m form she 
photoresist spacers is about 2H to ateut 4H. 

60, Th« method of Ciaiat 5S, wherein a height of the photoresist spacers js about 
1 loafjout lO^sn, 

6L The liqxud crvstai display of Claim 55, xvherein a materia; used to fotm the 
ftotoresisi spacer comprises acryJic resin, 

62. The liquid crysU display of Ciaim 55, wiicrctSJ a material used to fonti &e 
photoresist sjacer comprises cpoxy-resin, 

63. The liquid crystal display of Claifti 55, wUma a heigitt of the Hacic tjiatrix 
is about 0.it<>6 HJiJ, 

3 Otlslit^ DeSffiptijR ifivsasics 



8ACJCGR0UND OF IHt; rKVENTtON 



Fteidof Invejjtioc 

The present invemkm relafes to \iqmd crystal dispiay (LCD) strjctwres and 
mcskttis <if hmm tb«m. Mors pacmcolsriy, the present irivration rcbtcs to i CD 
sfctiicmres of sBtegfatsng & biack matrix and a color ftlter iaio a stjbstraie havitig a 
aMimd circuit {hereon md methods of forming Ute saim. 

Description of R<;iat«i A.^ 

liquid cr>'stai display (LCD) has raaiiy advantages ovw oshcr conventional types 
of dispisys incjuding high picture iqiaJity, small volume occupation, lightweight, iow 
voitagc driven satd Jow power consumption, Heace, LCD is widely used in small 
poftabtc televisions, mobile teiephones, video rccordiag units, noieboofc cosnpusers, 
desktop mcsnitors, projector teievisiom sj>d st> on ICO gradually repiaces 
cor!VffRtiO!:ial cathode ray tubs iCRT) as a mainsiream display unit. 

Hie rtijiin pan of LCD is liquid crystal (LC) unit composed of two psraUcl 
itansparcitt substrates and LC scaled therein;. The .'najnatretan of the LCD is ibin film 
ttanststm- {TFT) LCD. The fabrication processes of 9 m'-LCD can be divided imo 
four pans: TFT array process, color filter (CF) process, LC ceU assenvisly process, iiauid 
crystal module fL(~M) process. 

The TFT airay process is used to fabricate a TFT subsiniie Each TFT 
respectively tdigns with oae pixel electrode. The CF process is used to fabricaw cotor 
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{iJtci ssjbstmie. A color filter layer camposetJ of diiTcRsnl coior 5!t«r sheet is on liie 
coiof fjiier substrate, m<i a bliick matrix iayer surroutids each coior filter sheet. 

Th« iC ceii assembly process is used lo fmr^M asseaibfes TH' subsfme and 
CF siibstrate, arxJ <x;3<l spaceft sprtrsd be! ween iheai ro maintaia a ilxsd disSance, i.e. 
f£ii gap. ixstween TFT substrate snti CF substrate. tC is snjectsd into the ccii gap rhcn 
the iajectjon openkg is $eaJ«d. SasicaSiy, each pixel dccarode is re.speet:v«iy 
corrcspootlitig tc one coior ilher she«t, and She biack raattix Ltyet covers £»n TFTs sajid 
metai lines ihai coaa«ct <ittTerent TFT. 

Ths LCM process is ««<i to attach a poiarizei to a pjme!, and eiectricaily com>ect 
<if!ver IC and panel circuit. Then a reflector and a back-lij^t are assemMed m\ she 
pajiel. Afier a bum-is step, the LCM process Is finished. 

Geaeraiiy speakiiig. !h« direction of liquid crysiai inoiecak axes, which are 
coniiDikd by TFT, determines whether each pixel is perviotis to light or mt. The 
color of each psxei is determtnett by the color of color fiiter sheet. For exampie, whetv 
iight passes through a red coior iiifer shset, a red spot is shown on ^ paaci. Mixing 
red, green astJ blue colors cant show Mi-coior images. 

Since The moiecaiar axes of liquid crystal molecuics, which axe berwen pixe! 
eicctrodes and coior fitter sheets, have lo be controiJed pwcjsety, fhc color filter a&d ^ 
TFT substrate must he aligned precisely. The loieiabie enor of ^ignment is otiiy 
withitt several micron meters 

The heal coefiicients of eaior filter subsfraSe and IFT substrate are different, 
hence the ptecjse altgnmeHJ of pi.vei electrodes and color ljUer sheets is hard lo achieve. 
Decreasing the product yield and iacrcasing the ptcrfuaioti cost are caused by this 
problem. With growbg size of substrates, the problem is getting setious. '!"heeefore. 
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light fcakage and coin mw& on pane! is produced. Bu; for increasing the sijte of biack 
matrix io iiscwase the ala^miaat precision, the coior contrast and brightness of LCD is 

Aiiother problem is the random distribution of besiti spacers. The bead spacers 
may bio«;k some of the pixtl area. Hence the apenurc ratio of LCD is decreased. For 
smaHer pixel jsea or for high-resolution pane!, the pieblem is oiore serious. 

SUMMARY OF THE INVENTION 

An object of the isvemioft is to provide a Jjquid crysiai display str-ctut^, 
wberela a bJack matrix and a coior Site- layer both are on a coatro! cireusJ substrate and 
pisei electrodes are aa the color filter layer !0 increase the aiign prBc;i;etjess of Ux; coi(.>r 
t:itcr layer and the pixel dcctrodes. Besides, photoresist spacers iire used to replace 
the eodveattonai bead pacers to increase the brightness and color cotdrast of a iiqisid 
cryst/^ display. 

The Siquid crystttl display strjciuie comprises a ftrsi suJJStrattJ having a catJttal 
circuit QR iu md a black matri,\ hyci, a coiar ftUer iayer, a pijici cicct.'XJde iaytr, a 
piur&licj' of pholwesist sjjaceis, a liquid crystal layer, a conMnon clectrocie and a second 
substrate are is tarn on it 

A piurality of qjenings are in the black tns*ri.K layer to expose the first substrase. 
The coior Slter layer is coftjposed of a pltjraiity of color filler sheets atigcing *i;h each 
opetjiag. Each pixel eiestrode aiigns with each color filter sheet. The phoSorcsisi 
spacers are iocated on portions of areas covered by the black malrix. ajid their isardncss 
is preferred to be about 2H to about 4H and their hej;^ is prefejred to be about 1 to 
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about ] 0 }.sm. The photoresist sfSicers aiso can b« compcjsed of TOsiiti-iayered color 
pKotofcsfst. 

AuoSier object of the invention !S ro provide methods of fonsing a Jiqaid crystal 
cispiay to increase aiignment precsseness baaveeti coior SjIsct sheers ar^d pixeS 
electrodes, and photoresist spacers are used to replace co«vcnuc»ai bead spacers. 

Ac«))difigly, in an embodtBicm, a black maxnx !ay«r is fonaed on a first 
si^sttatc having a coatroi circuit thsrson. A pitaajity of opsaia^ are fomied in the 
bfack maccix layer to «)ipO!» Uw Srst sabstrate. A color ftiter layer is jfonned on {h« 
bUck ftiatrsK layer, A pluraiity of pi>;e5 eieorrodes iue formed o;; the color filter to 
aiign mth each af the openings. A plurality oi phoioresist spacers are tartnv^ on the 
first subsaate to he located on portions of areas covered by the hiack sn&trix. Itie first 
substrate and a secosd sui>sU3tc having a cotnmon eicctrode thereon arc paraiiei 
assembled, wbereia the photoresist spacers and the cotamoa electrode are betv^'sen tlve 
first substrate and the second substrate. .A liquid cr>'sta] layer i;i tbn«ed btTrwjcn \he 
f-rei substrate and the second sisbstrate. The order of the step of forming the 
photoresist spacers and the step of the pixeJ eiectrodes can be exchanged. 

In another embodimeRt, a biacJc matrix iaycr is fonnsd ott a first substrate having 
a coatfoi circuit thereon. A plurality of openings ate fonaed ia (be hiack matnx layer 
to expose the first subsirdie. A cc:ior tistcr layer is fottoed on the blaek matrix layer, 
A plurality of pixel cleetrudes are fortsied cm the coior filter layer to aiiga with each of 
the opetitngs, A plaraJiry of photoresist spacers are fonsted on a second substrate 
having a common electrode thereon, ttw first substrate and the second stibsirate ars? 
parallel assembled, 's»*«iein she photoresist spacm and the pixe! electrodes are between 
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ihe first substrate and ihe second substrate. A ixquw ciysiai Jayer is sbrmcd betweec 
rbft first substrate aud the second substrate. 

A Sttrtter object of this invefttion is m provide a sne^hod of forming a liquid 
crysial display, wherein maJu-layered oofor photoresist wt stacked to Sbtra photoresist 
spacm, 

&i this embodiment, a biack matrix layer js iom&i on a fim stt»strate having a 
coniroi circuit thereon. A piuraiity of first, secomd anci third openiftgs are fomed in 
the black matrix iayer to expose the fiwt substrate. A first coior photcsresist is fomjed 
OH the fitsi substtate. The ar.sT color pltotoresisr i.* patterned to fotm a plurafsty of first 
fihsr sheets jjJiping with each of the first ocwtiings :ind a piuraiuv of ilfst spacers 
located on portions of areas covered by tiic black nsatrix. .A second color phciiorcsist is 
tbrmed cn si,; 5rst substr^e. The second cofor photoresist is patterned to form a 
plurality of seconsi filter ;*eets aiigaing with «acii of the seooiid opcmtigs and a 
plurality of second spacers ovcrfappin^ with the first spacm. A *ird color photoresist 
is formed on ihs first substrate The ikitd colot ph(>for;;,<;i,« ia patferned ;o fom a 
fiitifaiity of third filjer sheets aiigrsing with each of the third openings sad a pluralitj ci' 
third spacers ovctlappttig with the second spacers. A plurality of pixel electrodes an; 
respectively fortaed on the first, second and third fslter sheets. The tlrst substrate «md a 
5«;on<l substrate haviag s conj.T.oii electrodtj thereort are parallel assembled, wherein 
the plx'siofesist spacers and the conunoti electrode are between the Hrsi subsirace Md the 
secotid substrate. A liquid crystal iayer is; fonned bctwees) the first .suhstnttfi ;iftd the 
second suteastc. 

As eaibodicd and broadly dcscnbed herein, the invetition provides iiqtiid crystal 
structures arid methods of formiag the same, wherein tiie biaefc mamx and the color 
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filter ar« moved (torn the coht subsSrate to the comro! eifouit substrate. Since die 
aljgfurisn; prectseness is mosdy controiicd bv ph.cHoiithography. jhe aiigamerK mor can 
be greatiy redaced to be^iim mmm meicr. .Moreover, the. photoresis! Sfiacers are 
located on portbns of aieas covered hy the black mmtix, the brightness and ihe cofor 
cmitm of the Uquid crystal display be iugJily taised. Beside, the caioi pHototestsi 
is also used io fona spacers, ttw prodyctioti cost can be SargeSy reduced said the 
production yield can be isigely promol&d. 

It s« to be understood ihai both the rbregoing geaer^ descnption md the 
folbwif^ deudJed descnptioo are exeiapjary, and are inteaded to provide further 
expiaaatioR of die imewion as daimed. 

OESCRiPTIOK OF TilE PREFERRED EMBODiMKN I S 

Figs. I A -■ ID are cross-secaonai views schietRaticaliy ii!ustraa«g a fabricatioK 
jTOcess for forming a tiisii fijm transistor liquid crystal display according to 3 fjrst 
prefenrftd etabodtmcnt of Ms iftveasioit 

la Fig. I A, & bJack mairix layer 1 10 ;s fenraed on a fast sobsirate 100 itaviag a 
TFT circuit tijsreon. The black matrix layer ! 10 is patterned to cover TFTs ajid metal 
iiues of the TFT circuit and ojjenijjgs 130 arc fortned thet^a Each opetjing OO is 
Ci>rrespondtBg to a pixel ihe black matrix layer 110 is a material such as 
chroRrtuf»j/duomi«ni oxide, oxy-resin or biack resitt. The black taatri-K Jayer ! tO is 
fortned by a tnethod such as physical vapor dcposttioja or coating followed by 
paacmiitg. 



In Fig. IB, a color ftlter hyur 1 30 is formec! oti the biack mmnx !ayer ! 10 The 
coior filtsr layer ! 30 is compcseii of co!or fiiter sheets i 30a, i JOb And \ 3t,sc of various 
colors. Each color tHter iheci i iOa, i'iOb imni \K>c aiigr.s w;Sh each lip^nirss; i -fl io 
increase the color conimt between adjaceitt ptjsels. 

In fig, iC. pixel electrodes 140 are fotmed to respccsivsiy aiign with each 
opening 120 Pixel electrodes !40 are transparent For exampSe, a itiaterisl of pixei 
electrodes 140 is indium tm oxids (iTO) For example, sputtering a transpiirent 
coistJuctive layer ther. foibwed by {jhatolajjography foeros *e pixel electrodes HO 

A photoresist layer is formed ;o cover pixel s>ectrodes 140. 1>,e photoresist 
Sayer is paoarted to fona spacers 150 an portions of fefack matrix 1 ii) to maximae the 
apemwe ratio. Ths height of spacers 130 is prefefred lo be } ~ iO MJtn. aad tlie 
ijardness of spacers i 50 is prstwed to be 2H -- 4H to rrsaifitain st constaai vaiue of the 
f:ell gap. A material of the phousresist layer is. fot example, acrj'iic resin or cpoxy- 
resin sudi as OPTMER NN 500 or OFfMER SN700 sold by JSR Ccunpaey. For 
example, the p^cmiag method coaipnscs photolithography or exposuie followed by 
etefeing. 

In Fig. ID, a cottusoa ciecirode \70 is formed os a second substrate 180. A 
matartal of the second substrate 18& is. for exafrspte. glass or qtiartz. The comtnoti 
electrode t70 is tfartspsreut, mi a materiBi of the cotntnotieJectrcdc 1 70 is, for example, 
indiuia liis oxtdc. The formation method of the commom electrode 170 is. for example, 
sputtering followed by etching. 

The first substrate ICO and the secotid sufasirate im m parallel asset«bied 
together, and the commtBS eiecircda 170 and the spacers 150 are loeaied between them, 
rhe lateiTil side of the cell gap between the first substrsts tOO and the second substrate 
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! 80 IS sealed accept reservitig an opening (mt shown ir. the Fig. I D) for iitjyid .ry HtaS 
snjeeting. 

liquid zrymi is mjccf«d inio the celi gap from the iasent! opefsing to fom^ a 
!iquiti i:rymi layer 560. The opening is sealed. The process of manatactiirmg TFT- 
ICO is corapieted. 

From embodiment I described above, the black matrix aod ths color fikcr layer 
are moved to TFT aubsuate to ferm a color JiUer on TFT (COT) stractiiw. Becaase all 
precise aligsments are -Jone on (he TPT substrate, no aiigrnnent coasideratioas are 
needed when the Srst sobstfase and the second sufaiKrate ate assemtiied. Hence the 
COT ssructare oaa iargefy iftcreiBe the pnxitjctiofi yiefd; inoreover, it cam be appiied otj 
the prwludion seciuuques of fourth geiteratiofi or above. 

Besides^ the spacers are composed of photoressit, hence the position of spacers 
can be defined on Mack matrix to increase the aperture ratio of LCD and dias 'he 
brightness and color coatrasf of LCD. 

Fi^. 2A - 2D are cross-scciEoBal views schematjcaliy iliostratisg a fabficatiotj 
process for forming a thia film ttansistor iiqmd crystal display according to a second 
preferttd embadim«?nt of Ais invention. 

In Fig. 2 A, a bSack niiitnx iayer 21Q is fonned on a i'tist substrate 200 having a 
TFT circuit thereon. Tbe biack matrix layer 2iO is pattewted to cover TFT.? and met^ 
iines of the TFT circuit acd opemstgs 220 are format! teein, Each openisg 220 i.s 
corresponding to a pixef. The black snairtx Jsycr 2!0 is a material such a& 
chromiiBTi/chromiwn oxide, oxy-rcsi» or black rtsin. The black matrix layer 210 is 
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totnscd by a tnetiKKi such as physicai vapor depositido or c<sa{jng djea foJ towed by 

In. Fig, 2B, a cfjtar fiiter iay« 230 is fbniied Dm itx: black -rairi.x layer 2 !0. The 
coior fii?«r layer 230 is c!>miposed of cni&r fdier sh««ts 230a, 230b and 230c as" various 
caJors such as red, gnssn an<i bfus for fuil-coiars LCD. Eacb coior filter sJiesf 23Qa, 
230b and 330c alipis with each opening 220 to increase the color contrast Iwnveen 
adjaecftt pixel First color spacers 330a\ second color spacers 230b' and dyrd color 
Spacers 230c' are stacked or. ponions of black mainx 210 to form caior spacers >40. 
Tie prtjcess is described as below. 

A first coter pbotoie.'sbt layer is ibrmed on first sabsirate 200. The first 
color j?h«iarcsisE layer is {»nerB«d to sitHultaneously torn first color fUier sheets 230a 
locaied on ponior^ of openings 220 asd first color spacers 230a" on pcmions of (he 
fciack mamx 2 i 0. Sirmlarly, a sccchg color ftiter i&ym is tbrmed on the ftrst .mbstraie 
200. The second color photoresist layer is patiemsd to stmultaneousiy fomi secotjd 
color fiker siieete 230b located on moih&t portions of opeaitigs 220 and second coior 
spacers 230b' on fira color spacers 230a' FiosJiy , a ihird color filter layer is farmed 
on the first 5ub5!X3te 200. The [had cuiy; piwiorcsisi Saver is pettcmcci to 
sliJ«ilt«uecusJy fonn third coloi filter sheets 230c located on rest of openings 220 asvi 
diinJ coior spacers 230c' on second color spacers 23&b', Hence die fsisi color spacers 
23Ga\ the secotjd color spacers 230b' and the third color spacers 2j0c' are slacked to 
fortn the color spacers 240 on portions of black tnatrix 21C. 

in Fig. 2C, pixel electrodes 250 are respeciiveiy formed on color ftitet sheeis 
250a, 330fc> and 230c. A matei-iaJ of pivel electrodes 250 is, for exatnpie. indsum tin 
oxide. A fettnaiion method of pixel electrodes 250 comprises steps as follow. A 



canformai jranspareni eoiidoctiv« layer is deposited on she cofor filter layer 320 and 
coior Sfscm 240. A patterned photoresist iay«r is fomjed or she conduciive hy^r to 
covsr portions of conductive layer on coior fiUer sheets 230a, 330b and 23C!c, The 
exposed portions of !hc conduciiv-f layer ara removed to form pixe! ekcsrodes 35&. 
The panemed pbotoresiss iayer is s«bsc:£}uemi> jcoioved. A removai method of (he 
conductive layer is, for exampfe, wcreicWag. 

In Fig. 20, i common efectrode 270 is fotjsed on a second substrate 3S0. A 
materiaJ of the second substrate 280 is, tor example, giass or quarti. The common 
electrode 370 is transpafsat, anc a material of ihe corr^mon eiectrodc 270 is, for example, 
indium tin oxide. The formatiftn mohod of me common eiectrode 2H) is, for sxaitipie, 
j^uaeariiig. 

Ths fim subsUate 200 and the second substrate 280 m paraiid assembled 
together, and the commoa electrode 270 aad the spacers 250 are located between sham. 
The lateral side of die celi gsp beiwim d-ic first substrate 200 arsd the second substiate 
280 !S sealed except reserving an opening (mi shown in the Fig. 2D) for liquid cxystit 
iajecttng. 

Liquid crystai is injected tsito the cell gap between the first subssrate 200 aiid tiie 
second substrate 280 from the la-ens! openttig to form a Uqiiid crystai layer 260, Tlte 
opening is seaied. Tr.s process <>i' ;3;axiufacruring TFT-LCD is completed. 

From cmbtjdiment 2 described above, the black masrix and the coior ilUer iayer 
are moved to TFT substrate to fbtm a coltjr filter on TFT {COT) structure. Becatise aii 
precise aiigntnents are done on the TFT sabsirate, ao alignment considerations a«i 
oesded when the first sabstrate and the second substrate are assetabied. Hence the 
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COT structure can iargsiy increase the produclbn yi«id; moreover, it can be apj^ied cv. 
the poKJiiction tcchniqijes of fourti! generatiaa or above. 

In Esnbodimew 2, she coior fitter Savicr and cosor spacers are simiijianeoiisiy 
formed, hence the step of formifjg apacm can be omitted to reduce proiSiiction c«si mJ 
itjiirease producJion yield Besides, the color spacers are focated on. black matris to 
maxujiize the aperture ratio, rbfirefore, ffac brighttsess and contrast of LCD csrs be 
largely increased. 

Figs. - 3B atfi ctoss-secUonai views scheraaiicaily iliastrating a fa.'^icj^ion 
process for fomjiag a this film traiisisttjr itc|uid crystal display according to <>. ih-rd 
prsferred eaibodiraent of tliis iaventioji. Phoioiesist spacers here replace the color 
■Hsacers ia mbodinieat 2, 

in Fig. 3 A, ihe process of forraiog a biack m&trsx layer 510 is as same as 
Embodiment 2 (Pleasa refer to the illussrataon of F;g lA). Wittiout forming color 
space« 240 or portions of the biack matnx layer 2 i 0 in Fig. 28. the process of (brsnjog 
a color fiiter isycr 330 a basicaiiy sstnilar to the process of tbtminig tlje eoior filter layer 
BO !R Embodiateni 2, Hence oijly color filtci sheets 330a, 330b and 330c are fotmcd 
ift Fig. 3A. 

A photoresist iayer is fonrsed to cove the color fiiter iayer 330 The pfsotore-tist 
iayer is patterned to fontj spacers 340, Spacers 340 sre located oti portsotis of black 
tnauix 310 to aiaxinOze the apenure ratio of LCD. Ttie preimed height of spacers 
340 is 1 ~ 10 f«n, and a preferred hardness of spacers 340 is 2H - 4H in peiicil hardness 
to niaintaitt a coastiwt value of cell gap. A materiai of the photoresist is, for example . 
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acrylic resin or epoxy resis Sttch as OPTMHR NN 500 or OPTMER ntN^OO sold by JSR 
Company. For exsitjpfe, the pattemisg method comprises pirotoitthography or 
exposure fblJowed by etching. 

In Kig, 38, the subsequem process is as same as KmUjdtjrieni 2, Pi<cf 
sisctrodes 350 are formed on the color fitjer Jayer 330. A common eiectrode 370 is 
ft»med on a secoad substrate 380, The first substrate 300 and tW secosd substrate 380 
arc paraHel bound together, and the common siectrode 370 and fhe spacers 540 are 
located between them The lateral sid« of the cell gap between the first sub^ate 3Gf3 
at!d the second substrate 380 is seaied except reserving an opett8!g (not shown in tfie 
Fig. .IB) for liqtatt crysfs^ iojectmg. 

Liijtsid crystaS is ttsjectsd into tfie ce!! gap beswecn the fsret substrate 300 and the 
second substraie .180 Srom the lateral opcmng !o forns a liquid crj'stid layer 360, The 
opening is scaled. Tbie fsrocess of manvifactariKg TFT-LCD is cotnpieted. 

From emfaodimem 3 described above, the black matrix Jayer and the color fslter 
layer are moved lo TFT substrate to fontn a color tilter on TFT (COT) strucua-e. 
Because ail precise aiigsmeRts are done m the TFT substrate, ew ajignrnent 
c{M»idcria;(ons sib needed when the firei subisiralc and the second substrate are 
iKsetnbieti, Hence the COT stracture can largely increase the product yield; jnorsovsr, 
it can be applied on the paroductior. techniques of fourth generation or above. 

Besides, the spacers are cotnposed of photoresisi, hence Jse posiSion of spacers 
can be defined on the black matfix layer to increase the aperture ratio of LCD a.nd thus 
U>e ^ghtn^s and color ccRtmt of LCD. 



■If 



EtnbadimamJ 

Figs, 4A - 4D ate cfoss-secttorat views schematicaiiy iWustming a fabhcatiOK 
process for fonmitg s thin fiira transistor liquid crysiai dhpiay according to a famh 
preferred embtidiment of ifeis inverftioH. 

In Fig. 4A. a black matrix iaycr 4 10 is formeci on a ttrst substiste 400 having a 
n-T circuit ihercon- The biack msim fayer 41 0 is psoeroed to cover TFTs and <neta! 
ii'nes of she TFT circuit and openings 420 are tbrmed therein. Bach opening 420 is 
correspoodfiig to a pixel The black matrix iaver 4i0 is a raafenat such as 
chromiun/cbroimaai oxide, oxy.fesin or bJack resin. The fciacJr matrix iayer 4!0 ss 
formed by a raethod smch as pbysicai vapor deposition or coating ihco followed by 
paftcraing 

In Fig. 4B, a color filter iaycr 430 is formed on the Mack mam.K iaycr 410, The 
coior filter taycr 4.?0 is composed of color fifter sheets 430a, 430b and 430c of various 
colors. Each color filter sheet 43(}a, 430b and 430c ailgns with each opening 420 to 
lacre^ the coior contrast between adjacsct pkels. 

Pixel elecirodes 440 are formeci to align with each opening 420 respecjivsiy 
Pixel e!ec£f odes 440 are iranspai cut. For cxantpic, a naatcriai of pixel etcttrodes 440 is 
iadiutn tin oxide (ITO>, For example, sputtering a transparent conductive iayer theti 
followed by photolithography fotnss the pixel electrodes 440. 

In Fig. 4C, a comntoti electrode 470 is fortned on a second substrate 4gO. A 
{jiatwiai of the second subsirats 480 is, tor example, glass or quartz. Tae common 
eieetrotie 470 ;s transparent, and a cnateriai of the common eiccu-ode 470 is, fer exaasple. 
tndim tin oxidfii. The fornaation methoji of the comnioti electrode 470 is. for exarnpSe, 
spuaering. 
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A phototesist layer is forttied to cover common electrode 470. The phfiforesisi 
hiver is pattsmed to form spacers 450, The height of spacers 450 is preferred to be ! ~ 
K> urn. md the hardtiess of spacers 450 is piefcrred to tie 2H ~ 4H {pencil liareiness) so 
mabiiSR a wos^t vals« of {he ceU gap. A materiai of the i^otorssist ss, for example, 
acr>'!k resia or epoxj' resin such as OPTMER NIs" 500 or OFrMBR NN700 sold by iSR 
Company For example, the paEtemiag method comprises ptooiithography oi 
exposure foStowed by ctdung, 

la Pig. 4Dt th« first substrate 400 and she second substrate 480 are parailet bound 
together, sand dse ptxd eSectrades 440 aad the spacers 459 a« located lietweeo tftm. 
The lateral side of tlie cell gap between the first substrate 400 and the seconci substrate 
480 is sealed except reser^-iag an opening (not sfaawn tn the Fig 40) for ItqiM ciyml 
iftjectiag. 

Liquid crystsi is irgectad into the cell gap between the first substj«te 400 and the 
Sifcoad subst^te 480 fitom the laterssi opctang to fotnt a liquid crystal layer 4$0. The 
opening is s«jled. The process of aianuiacturii-ig TFT-LCD is coropieterf. 

FtofR embodimcBt 4 described above, the black matrix and the color filter tsyer 
are moved to TFT substrate to foiaj a color filtfsr oo TFT (COT) structut? . Because aS I 
precise alignments are dotie on the TFT substrase, iK> aiigomen? considerations are 
nmfed «hen the first swbstiate and die second si*sme are assembled. Hence tlie 
COT siraotiire can largely uicreasc (lie prodiicsion yield; moreover, it caa be J^licd oit 
the productioa techniques of fotaih generation or above. 

In Embodinteiit i. The Mrication steps attmber o» the second subs^aite is les$ 
than ih? fabricatjon siqjs ownber oa the first substrate. Hence the iocations of spacers 
aie ovoved from the first substrate in EEnbodim««t 1 to Ae secotid Substrate in thi-s 
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gmbodimesttc, and the fefancaiiOR sfeiss nmnber on ih« fim substtate is tiius decteascd. 
Akc-, she burden of prockctiot) yield is traujsfeffeij froftj the f-rat substraiie to the second 
substraie to iactease the productioa yield of the ftrsi sttbstraie. Besides, the process 
wiadow of tht assembly step is Vi$. 40 is Itjoser. The process window of ifie 
assembiy step is about 50 - 20 urn. However, the process -window cf the 3.5* 
generatson of LCD is oniy a^jottt 4-5 pm. Thewfare ifee final protJucdoti yield is aiU 
remaitted or even increased. 

Figs. 5A - 5C aitt cross-sectional views schcjuaticaily iliustrating a f^bricsrion 
process for fonning s thin fiim bansisor liquid crystal display according to a fifth 
preferred etnbodiinerEt of this invention 

In Fig. 5A, a bJack muXnx iayer 510 is formwS oa a Sm substrate 500 having a 
TFT circuit Ihereoti. The black matrix layer S 10 is patteraed to cover TFTs ;uid metal 
Hne.-s of the ITT uircuil m.4 openings .^20 are formed tl;ereiit. E^ch cijjetiitig 520 ss 
OTrespcttcuig lo a pixd. The black matrix layer 5 10 is a materiai such as hiaok resia, 
and its thickness is about O.i ~ 6 jtm. 

la Fig. SB, a conuBOn electrode 570 is fonoed on a second substrate 580. A 
maferial of the second substrate 580 is preferred to be, for example, giass or qmztz. 
The common electrode 570 js tiaaspareat, and a material of the commi>n eiecttode 570 
is. for example, indium tin oxide. The formation method of the common electrode .570 
is, fw exampl*, isputtwing. 

A photoresist layer is femicc to cover tiw conwRon «te<*fode 570- The 
photoresist layer is patterned so form spacers S50, Tlic height of spacers 550 is 
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prcfeired to be } - 10 jtm, md the haidness of spacers S50 is preferred sc be 2H - 4H 
(pencil hardness) to mamtaiii a &snsmr.t value o!' the eel! gap. A matenai of ths 
photomist is, for exajapie, acrylic resm or epOKy resia such as OFTMER N'N 500 or 
OPTMER NN700 sold by JSR Company. For exawpfe, the fjattenung msthoii 
comprises ph«toUthograj>hy or exposure foJJowed by cichtng. 

la Fig. 5C, the first subsaate $00 md the aecoad substrate 580 are paniflei 
asscmbied together, and the pixel electrodes 540 and the spacers 55Q are Socaled 
betwem &em, Ilje iateral sifie of the ceil gap b«twe«5 the first substrate 500 and Oje 
secoad substrate 580 is sesJed except ceserviug an opening {tiot shown in tfie Fig SC) 
for liquid aystti Hijectmg, 

Liquid crystal is ajjeded mo tfac cell gap between the first substrate 500 and Sia 
second substrate 580 kom die lateral 0|>ening -o form a liquid crystal layer 560, The 
opemng is sesded. The process of ttjanufjjctunn.g TFT-LCD ts compteted. 

?txm embodiment S described above, the bkck matrix aod the coJor filter layer 
are moved to TFT sabstrase to form a color filter on TFT (COT) stmcturs. Becme aii 
precise ailgatnenis ars done on TFT subsuate, no aJigement coastdcfatioHS are 
iwedeil when tiie first substrate and the second substrate aie aasetnblcd. Hence tijc 
COT structure can largely increase the production yield; tooreover, it can be appiied oa 
the prodtictioD techniques of fourth genefsdon or above. 

Besides, the locatious of photomist spacers are aJso moved tram the first 
substrate to the second subsft^te ss Bajbodimesja 4 to reduee ibe produoiion yield burdai 
of the first substrate. The process wisdow of the assisnbiy step is about 10 - 26 fun. 
However, the process window of the 3,5* gwwration of LCD is Oftiy about 4 - 5 jim. 
Therefore the final production yietd is still teimiaed or even iocnsased. 

!r wi!! be apparent to ifiose skilleil In ihe ar^ th;it vanotis modirlcaticms and 
veil- at ot!< be iisadc 'o 'JtK J;.:v ■■■ .ne iv?^on ; -ic; ^^ " zopj-t.rti; ir'-;;) 
she scope or 'ipi.'sl of the tJivenUor. it) M^iv, oi the !oft;go»ii>, u !S -.rwniej ■jyj.i thc 
present invention cover modiJScations ssnd variations of this jRvention pfovided they fasi 
within the scope of (he following claims and their equivaienis. 
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The accompajivbg drawings are inciii(i«d to provide a (vrthex mdsmm&ng oi 
the niveridon, and are irscorporated m aad constitute a part of ibh specsncaSion. ITw 
(irawiiigs Uiustrats embodiments of the my«atitJa md. together wiife {he description, 
sefva to expima the principles of 'Jte id vettjion . In {he dra witigs, 

Figs, lA - 3D ai^ cross-scctonal views scheraatkaiJy illusttating a fabncaiion 
Iffoccss for forming a thsn fijjti trajsistor iiqajd crystal display according to a first 
preferred embodiment of this mveaeoij; 

Figs. 2A • 2D are cross-sectiona] views schematicaiiy tllustraiing a fabrication 
process for formiftg a tbift film transisttof liquid crystal display according to is second 
preferred ertsixniiment of this invention; 

Figs. j.A. ~- 3B are cross-sectional wj«w.s schematicaily ji!ustrating a fabrication 
pmce&s for formtog a thm film iransisiof Uquid crystal display according :o a thitxl 
prefeiTe<i embodiment of this ifsvention; 

Pigs. 4A - 4D are cross-sectional views schetuaticaliy iiiustraaug a fabocatiots 
jyocess for fonumg a ihin film trafisissar li<}iiid crystal display accorduig !o & tburth 
preferred embtxUiiwwt of this invctitioa; and 

Figs, 5 A - SC are cross sectional views schematically iliustrating a fabrication 
process for fonntng a thin fdni transistor siquid crystal display according to a Itftli 
ptefeited miboiiimetK of thus invention 
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Liquid crystai display {LCD) structures and methods for fomimg th« saiY«e. 
Tb« bJack matrix and <he coior filter iayer of the LCD ate ftioved from eoiot fjiter 
Sijbstrate to TFT substrate lo fom) a cotor Oiler on TFT (COT) strucnif«, aesirfes. the 
spacers are composed of phosoresist or color }S»iot«sist caa be ioeatwi on portions of 
areas covercci by the blade matrix to nmimize the apertun; ratio. 
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